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This study describes the four main demersal fish assemblages identified along the
continental shelf and slope (30–800 m depth) of the northern Alboran Sea (western
Mediterranean), based on the analysis of the MEDITS (International bottom
trawl survey in the Mediterranean) 12-year data series. We collected 186 fish
species belonging to three classes, 24 orders and 69 families. Taxonomically, the
order Perciformes was the most diverse, represented by 18 families and 58 species.
Each assemblage had particular characteristics of abundance, biomass, mean fish
weight and species richness. The geographical differences associated with the
distribution of some species occurred within shelf assemblages. The middle slope
was characterised by the highest similarity between samples, probably due to its
lower environmental variability compared to that of the other assemblages.
Keywords: ichthyofauna; demersal species; Alboran Sea; assemblages; spatial
distribution; species richness
Introduction
The Alboran Sea (southwestern Mediterranean) is a transition region between the
Mediterranean basin and the Atlantic Ocean. Its very complex hydrology, with
Atlantic surface currents and deep Mediterranean waters, different scale gyres, high
activity fronts and upwelling areas, creates a significant regionalisation and a marked
heterogeneity in biological diversity (Rodríguez 2011). The remarkable peculariaties
in the temperature and salinity of these water masses flowing through the Strait of
Gibraltar are seemingly important factors that affect communities and particularly
species that may or may not be tolerant to these environmental variables (euryhaline,
stenohaline, eurythermal and stenothermal species). In addition, the Alboran Sea,
together with the Gulf of Lion and the mouth of different rivers, is amongst the
western Mediterranean areas with the highest rates of primary production (Vargas-
Yáñez et al. 2010; Rodríguez 2011). Moreover, the geographical location of the
Alboran Sea promotes the confluence of fauna from different biogeographic regions,
resulting in relatively high biodiversity compared with other Mediterranean areas
(Gaertner et al. 2007; Templado 2011; Urra et al. 2011; Sabelli and Taviani 2014).
The combination of all these features in the Alboran Sea justifies the scientific interest
in furthering knowledge of the fauna and flora of such a remarkable place in southern
Europe, in order to document the rarity or absence of certain Mediterranean
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endemisms (Pérès and Picard 1964) and their relationship with Atlantic species
(tropical and boreal).
Fish communities have their own features, such as longevity, larger size and
mobility, compared with other marine animals, which allow them to play an impor-
tant role in ecosystems, influencing the flow of energy and transport of substances
and materials. These characteristics discriminate them from other components of
marine ecosystems and allow fish to be used as indicators of different environmental
scenarios. In addition, fish can be also considered proxies to assess changes in water.
Moreover, this role of fish as indicators is related to a spatiotemporal scale superior
to other faunistic groups (Sostoa et al. 2005). Demersal resources in the Alboran Sea
consist of a wide variety of fish species, many of which are considered target species
of economic interest (García et al. 2012).
Despite the importance of ichthyofauna in marine systems, data on the distribu-
tion of the Alboran Sea demersal fish species and communities are very scarce
compared with data from other Mediterranean areas. Previous studies mainly con-
cern the continental shelf area and are related to infralitoral fish assemblages (Reina-
Hervás 1987), are updates of ichthyofaunal inventories for the Iberian Western
Mediterranean (Lloris et al. 2000), or give information on a large-scale basis of the
demersal fish assemblages in the northwestern Mediterranean Sea (including the
Alboran Sea) (Gaertner et al. 2005, 2007). Abad et al. (2007) analysed the composi-
tion and abundance of fauna caught in the Alboran Sea by commercial trawlers
between 50 and 640 m depth over 1 year, providing information on demersal and
epibenthic assemblages.
The paucity of ichthyofaunal studies in the Alboran Sea contrasts with the
extensive knowledge on this issue for other areas of the Spanish Mediterranean
coastline (Stefanescu 1991; Stefanescu et al. 1993, 1994; Massutí et al. 1996, 2004;
Moranta et al. 1998, 2007, 2008; Demestre et al. 2000; Cartes and Carrassón 2004;
D’Onghia et al. 2004; Massutí and Reñones 2005; García-Rodríguez et al. 2011;
Papiol et al. 2012; Fanelli et al. 2013) or of other countries located in the
Mediterranean basin (Tserpes et al. 1999; Ungaro et al. 1999; Kallianiotis
et al. 2000, 2004; Labropoulou and Papaconstantinou 2000; Blanchard 2001;
Colloca et al. 2003; D’Onghia et al. 2003; Madurell et al. 2004; Mérigot
et al. 2007; Dimech et al. 2008; Keskin et al. 2011).
The aim of this study is to provide an updated ichthyofaunal inventory for the
Alboran Sea and to analyse the bathymetric and geographical distribution patterns
along the continental shelf and slope of this Mediterranean area. The study is based
on the information gathered over 12 years from 351 sampling stations. We also
compared bathymetric zonation patterns with those of other Mediterranean areas
in order to provide further evidence of the uniqueness of the Alboran Sea.
Materials and methods
Faunistic data were compiled from the 12-year time database of MEDITS
(International bottom trawl survey in the Mediterranean) surveys carried out along
the Iberian Mediterranean coast by the Instituto Español de Oceanografía (Spain) on
board the research vessel Cornide de Saavedra. This work is based on samples taken
from Estepona to Cabo de Gata (Figure 1) between 1994 and 2005, at depths of
30–800 m.
2 C. García-Ruiz et al.
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According to the MEDITS standardised protocol (Bertrand et al. 2000, 2002), the
surveys took place every year in spring (Table 1). Sampling stations were chosen by
applying a stratified random sampling scheme using depth as the stratification para-
meter to define the following bathymetric limits: 30, 50, 100, 200, 500 and 800 m. The
haul duration was 30 minutes at depths lower than 200 m and 60 minutes at greater
depths. The gear used for sampling was a bottom trawl gear (GOC-73) designed for
experimental purposes and with a codend mesh size of 20 mm, average vertical
opening of 2.5 m and average horizontal opening of 18.5 m. Samples were collected
at a mean towing speed of 3 knots.
For each sampling station, haul specimens were sorted, identified, counted and
weighed on board. The characterisation of taxa was based on Nelson (1994), while
identification and species nomenclature were completed according to various sources,
including Whitehead et al. (1984–1986), Lloris et al. (2003) and Froese and
Pauly (2008).
For each haul, the numbers and weights of individuals per species were standar-
dised to 1 hour towing in order to calculate both species abundance (number of
individuals per 1 hour towing, [ind h−1]) and biomass (g h−1). The mean fish weight
was obtained for each species by dividing the biomass by the number of individuals.
The frequency of occurrence of each species (F) was calculated as the ratio between
the number of occurrences of a species and the total number of hauls, and expressed
as a percentage (%).
In order to identify species assemblages, we applied ordination methods using fish
species abundance and biomass per haul matrices. Prior to analysis, all data were
logarithmically transformed using log (x + 1) to minimise the weighting of extreme
Figure 1. Map of the study area throughout the northern Alboran Sea showing the haul
stations from the MEDITS survey series, from 1994 to 2005 (black points) and sampled
stations from RADMED (Radiales del Mediterráneo) programme (black crosses).
Journal of Natural History 3
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abundance or biomass values of certain species (Clarke and Warwick 2001). The
similarity matrix obtained from species abundance and biomass data based on the
Bray–Curtis similarity coefficient (Bray and Curtis 1957) was ordinated using
Shepard (1962) and Kruskal’s (1964) non-metric multidimensional scaling (nMDS)
analysis.
A permutational multivariate analysis of variance (PERMANOVA;
Anderson 2001) was performed using one-factor design. The PERMANOVA eval-
uated the statistical significance of depth-related groups identified by nMDS analysis.
Significance was set at p = 0.01 and p-values were obtained using 9999 permutations.
The percentage of similarity routine (SIMPER) served to analyse the ichthyofau-
nal assemblages by identifying the species responsible for the differences between
groups and those that characterise each group.
Species rarefaction curves, which represent the number of species accumulated in
an inventory correlated with the actual sampling effort (Gotelli and Colwell 2001;
Jiménez-Valverde 2003), were used to compare the species richness values of each fish
assemblage.
For each fish assemblage identified in the bathymetric comparisons, we analysed
its longitudinal variation in the study area. The following geographical locations were
identified (from west to east) in the northern sector of the Alboran Sea: Estepona
(ES), Marbella (MR), Fuengirola (FU), Malaga (ML), Caleta de Velez (CL), Nerja
(N), Salobreña (S), Castell de Ferro (FE), Alboran Island (I), Adra (AD), Seco de los
Olivos (O), Sabinal-Punta Entinas (EN), Roquetas (R), Almeria (AL) and Cabo de
Gata (G) (Figure 1).
The similarity between samples according to their geographical location was
tested with an nMDS using the similarity matrix data obtained from species abun-
dance data.
Table 1. Trawl surveys conducted during the study period, and number of hauls.
Survey Initial date Final date Number of hauls
MEDITS_ES 94 28 May 1994 4 June 1994 25
MEDITS_ES 95 22 April 1995 27 April 1995 22
MEDITS_ES 96 2 May 1996 8 May 1996 29
MEDITS_ES 97 10 May 1997 17 May 1997 26
MEDITS_ES 98 3 May 1998 12 May 1998 25
MEDITS_ES 99 4 May 1999 11 May 1999 30
MEDITS_ES 00 22 May 2000 30 May 2000 33
MEDITS_ES 01 12 May 2001 20 May 2001 29
MEDITS_ES 02 11 May 2002 19 May 2002 33
MEDITS_ES 03 26 April 2003 1 May 2003 37
24 May 2003 26 May 2003
MEDITS_ES 04 6 May 2004 11 May 2004 33
2 June 2004 3 June 2004
MEDITS_ES 05 9 May 2005 14 May 2005 29
6 June 2005 7 June 2005
TOTAL 351
4 C. García-Ruiz et al.
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All these analyses were performed using the statistical package PRIMER v. 6 and
PERMANOVA+ (Anderson 2001; Clarke and Gorley 2006).
To compare the mean values of the variables analysed (abundance, biomass and
mean fish weight of each species) across the fish assemblages identified, we used a
non-parametric Kruskal–Wallis test (Kruskal and Wallis 1952). This test is made
when the requirements to perform a parametric analysis of variance (ANOVA) are
not met.
Results
Ichthyofaunal composition
We found a total of three fish classes (Myxini, Chondrichthyes and Osteichthyes)
represented by 24 orders, 69 families and 186 species in the different samples.
Taxonomically, the order Perciformes was the most diverse, with 18 families and
58 species (Table 2). In terms of abundance, the order Zeiformes was dominant
(25%), followed by Clupeiformes (23%). The greatest biomass values were observed
for the order Perciformes (31%), followed by Carcharhiniformes (23%) (Table 2).
Table 2. Number of families, number of species, abundance (ind h−1) and biomass (g h−1) of
each fish order collected in the MEDITS survey series between 1994 and 2005. Values in
brackets are percentages (%).
Order No. families No. species Abundance Biomass
Myxiniformes 1 (1.4) 1 (0.5) 0.03 (< 0.1) 0.06 (< 0.1)
Chimaeriformes 1 (1.4) 1 (0.5) 3 (0.1) 1953 (2)
Carcharhiniformes 2 (2.9) 5 (2.7) 118 (3) 20,688 (23)
Hexanchiformes 1 (1.4) 1 (0.5) 0.06 (< 0.1) 20 (< 0.1)
Squaliformes 3 (4.3) 5 (2.7) 33 (0.3) 2391 (3)
Rajiformes 2 (2.9) 7 (3.8) 1 (< 0.1) 669 (0.7)
Albuliformes 1 (1.4) 1 (0.5) 1 (< 0.1) 17 (< 0.1)
Anguilliformes 5 (7.2) 9 (4.8) 8 (0.2) 1151 (1)
Clupeiformes 2 (2.9) 4 (2.2) 1031 (23) 5393 (6)
Osmeriformes 2 (2.9) 3 (1.6) 8.3 (0.2) 1020 (1)
Stomiiformes 4 (5.8) 10 (5.4) 424 (9) 419 (0.5)
Aulopiformes 3 (4.3) 4 (2.2) 0.3 (< 0.1) 2 (< 0.1)
Myctophiformes 1 (1.4) 12 (6.5) 96 (2) 313 (0.3)
Ophidiiformes 3 (4.3) 7 (3.8) 0.4 (< 0.1) 7 (< 0.1)
Gadiformes 5 (7.2) 14 (7.5) 804 (18) 17,114 (19)
Lophiiformes 1 (1.4) 2 (1.1) 2 (< 0.1) 1399 (2)
Mugiliformes 1 (1.4) 1 (0.5) 0.02 (< 0.1) 5 (< 0.1)
Beryciformes 1 (1.4) 1 (0.5) 58 (1) 1127 (1)
Zeiformes 2 (2.9) 3 (1.6) 1129 (25) 6006 (7)
Gasterosteiformes 1 (1.4) 1 (0.5) 16 (0.4) 100 (0.1)
Scorpaeniformes 2 (2.9) 15 (8.1) 65 (1) 2038 (2)
Perciformes 18 (26.0) 58 (31.2) 684 (15) 27,695 (31)
Pleuronectiformes 5 (7.2) 19 (10.2) 27 (1) 291 (0.3)
Tetraodontiformes 2 (2.9) 2 (1.1) 0.06 (< 0.1) 153 (0.2)
TOTAL 69 (100%) 186 (100%) 4509 (100%) 89,971 (100%)
Journal of Natural History 5
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In relation to the number of species, Rajiiformes and Squaliformes were the most
represented among Chondrichthyes orders, with seven and five species, respectively.
Osteichthyes were mostly represented by the order Perciformes (58 species),
Pleuronectiformes (19 species), Gadiformes (14 species) and Anguiliformes (nine species)
(Table 2).
The species with the highest frequency of occurrence in the Chondrichthyes class
were Galeus melastomus (50%), Scyliorhinus canicula (44%), Etmopterus spinax (41%)
and Chimaera monstrosa (33%). Among Osteichthyes, the most frequent species were
Helicolenus dactylopterus (66%), Conger conger (62%), Phycis blennoides (61%),
Lophius budegassa (54%) and Hoplostethus mediterraneus (53%) (Table 3).
The most abundant species in the Chondrichthyes class were G. melastomus
(107.2 ind h−1), E. spinax (12.5 ind h−1) and S. canicula (7.6 ind·h−1), and, among
Osteichthyes, Capros aper (1129.1 ind h−1), Sardina pilchardus (834 ind h−1) and
Micromesistius poutassou (456.3 ind h−1).
In terms of biomass, G. melastomus (18,436.1 g h−1), C. monstrosa (1953.9 g h−1)
and S. canicula (1630.7 g h−1) were the dominant Chondrichthyes, and Pagellus
acarne (13,560.2 g h−1), M. poutassou (6018.7 g h−1) and C. aper (5935.1 g h−1)
were the dominant Osteichthyes (Table 3).
Identified assemblages
nMDS analyses based on both abundance and biomass data showed an ordination
structuring the 351 sampled hauls into four groups, basically in relation to depth.
These groups corresponded to hauls carried out between depths of 30 and 100 m
(inner shelf, IS), 100 and 200 m (outer shelf, OS), 200 and 500 m (upper slope, US),
and 500 and 800 m (middle slope, MS) (Figure 2).
PERMANOVA results indicated significant values for these depth range groups
(p < 0.01; Table 4).
SIMPER analyses on species abundance data highlighted the mean similarity within
each group and those species that contributed to the mean similarity (Table 5a).
Pagellus acarne, Boops boops and Serranus hepatus contributed 60% of the similarity
within the IS assemblage. In theOS assemblage,C. aper contributed 60% of the similarity
between samples. In the US assemblage, Coelorhynchus coelorhynchus, H. mediterraneus
and P. blennoides made the largest contribution (56%) to similarity. In the MS assem-
blage, Nezumia aequalis and G. melastomus contributed equally to the similarity within
this group (36 and 35%, respectively) and were the most characteristic species. The MS
assemblage was characterised by the highest mean similarity between samples, with 47.21
versus 15.31 of the IS, 15.26 of the OS and 21.73 of the US assemblages.
Comparison between IS and OS shows that the species contributing most to
dissimilarity is C. aper followed by Maurolicus muelleri and P. acarne. Capros aper
and M. muelleri are more abundant in OS while P. acarne is more abundant in IS.
Between OS and US, C. aper, M. poutassou and M. muelleri are the species accumu-
lating the highest % dissimilarity. All of them are more abundant in OS. G. mela-
stomus and N. aequalis contribute much to the dissimilarity between US and MS with
highest values in the last one. Coelorhynchus coelorhynchus and Gadiculus argenteus
are more abundant in the US group. The highest values of average dissimilarity are
between OS and US, and the lowest are between US and MS (Table 5b).
6 C. García-Ruiz et al.
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Abundance, biomass, mean fish weight and species richness of fish assemblages
Mean values of abundance, biomass and mean fish weight per hour of the assem-
blages obtained in the multivariate analysis of assemblages are given in Figure 3.
Mean abundance differed significantly between assemblages (Kruskal–Wallis,
Table 6), sharply decreasing in the US assemblage in comparison to IS and OS
assemblages, and showing minimum values in the MS.
Mean biomass was also significantly different between assemblages (Kruskal–
Wallis, Table 6), with maximum values in IS, followed by MS and OS, and minimum
values in US.
Figure 2. Non-metric multidimensional scaling (nMDS) analyses using (a) abundance and
(b) biomass of fish species collected in the different hauls.
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Mean fish weight was the highest in the MS assemblage, with significant differ-
ences between assemblages (Kruskal–Wallis, Table 6). Table 7 shows species whose
mean fish weight was positively and significantly correlated with depth (Spearman
correlation value > 0.5).
There were differences among the species rarefaction curves for each assemblage
constructed for a common number of hauls (n = 40) and decreasing numbers of
species with increasing depth (Figure 4). The highest values were found over the
continental shelf, followed by those of the upper and middle slopes, respectively.
Longitudinal variability within the Alboran Sea
nMDS analysis performed with abundance data showed some degree of separation
between hauls depending on their location (Figure 5). This separation was evident
within the IS and OS assemblages (Figure 5a and 5b, respectively). From 200 to
800 m, the nMDS analyses did not show great geographical affinities between
samples within US and MS assemblages (Figure 5c and 5d, respectively).
Within the IS assemblage, differences were mainly evident between Punta Entinas
and Cabo de Gata, and the other sampled areas (Figure 5a). These differences were
due to several species that showed significant differences in their abundance values
(Kruskal–Wallis, p < 0.01) between locations (Table 8). We distinguished two groups
of species in relation to their abundance data in the study area: (1) species almost
absent in Punta Entinas and Cabo de Gata (C. aper, Callionymus maculatus, Cepola
rubescens, Gobius niger jozo, Lesueurigobius sanzoi, Macroramphosus scolopax,
Microchirus variegatus and Symphurus nigrescens) and (2) species very abundant in
Punta Entinas and Cabo de Gata but totally absent (Spicara smaris) or very scarce
(Spicara maena) in the rest of the study area.
No clear longitudinal trends were evident for C. aper, C. maculatus, L. sanzoi, M.
scolopax and S. nigrescens within the OS assemblage. Nevertheless, C. rubescens still
displayed significant differences between locations, as observed in the IS assemblage
(Table 9). Gobius niger jozo and M. variegatus were almost absent below 100 m, and
S. maena and S. smaris were never caught at that depth. nMDS analysis of the OS
assemblage identified Almeria and Roquetas as the closest samples (Figure 5b). The
Table 4. Permutational multivariate analysis of variance (PERMANOVA) based on resem-
blance matrix of (a) abundance data and (b) biomass data from hauls performed on MEDITS
survey (9999 permutations) in response to groups identified by non-metric multidimensional
scaling (nMDS) analysis (factor level was 4).
Source df MS Pseudo-F p
(a)
Groups 3 25.782 234.36 < 0.01
Residual 347 0.110
Total 350
(b)
Groups 3 22.694 205.61 < 0.01
Residual 347 0.110
Total 350
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differences between these locations and the others were influenced by the significant
differences in abundance of the species listed in Table 9. In both locations, S. hepatus
and Merluccius merluccius smiridus displayed the highest abundance values. As
indicated above, C. rubescens was only captured in Almeria, Roquetas and
Fuengirola at this depth. The species Maurolicus muelleri was very abundant in
Malaga and Fuengirola.
Discussion
Ichthyofaunal composition
The 186 species identified in the present study account for 27% of the total number of
fish species in the Mediterranean Sea (684). Of the four ichthyofaunal Mediterranean
Figure 3. Mean values of (a) abundance (ind h−1), (b) biomass (kg h−1) and (c) species mean
weight (g ind–1) in the different assemblages characterised. IS: Inner continental shelf
(30–100 m); OS: outer continental shelf (100–200 m); US: upper continental slope
(200–500 m); MS: middle continental slope (500–800 m). Bars represent ± standard error (SE).
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classes, three are recorded (Myxini, Chondrichthyes and Osteichthyes). Twenty four
(72.7%) of the 33 Mediterranean orders (Lloris 2008) have been recorded in this study
of fish assemblages in the northern Alboran Sea.
Of the 186 species caught, 46 are occasional species, since they only appear in one
or two samples throughout the 12-year series. The low frequency of occurrence of
these species may be due to different causes: (1) the type of sampling carried out
(depth intervals and types of ground sampled), (2) the characteristics and geometry of
fishing gear and (3) the particular behaviour and life cycle of these species (Lloris
et al. 2000). As for fishing gear, in a study off the Catalan coast, Cartes et al. (2009)
showed the influence of trawl type on the composition and diversity of deep bentho-
pelagic fish and decapod assemblages.
In terms of biogeographical distribution, in this work, the number of species and
subspecies with typical Atlantic distribution is high: 75% (140 species). These include
74 Atlantic-African species, followed by 44 Atlantic-European and 22 Amphi-
Atlantic. Of the remainder, 19 are endemic Mediterranean, 14 cosmopolitan and 13
circumglobal. No species with Indo-Pacific or Lessepsian distribution have been
registered. Endemic Mediterranean components appear more clearly at the species
Table 6. Significance tests (Kruskal–Wallis) between assemblages identified for mean values of
fish abundance, biomass and species mean weight. (IS: Inner continental shelf, 30–100 m; OS:
outer continental shelf, 100–200 m; US: upper continental slope, 200–500 m; MS: middle
continental slope, 500–800 m).
df Statistic p-values Groups
Abundance 3 H = 72.5 p < 0.01 IS < OS > US = MS
Biomass 3 H = 95.3 p < 0.01 IS = OS > US < MS
Mean weight 3 H = 190.5 p < 0.01 IS > OS > US < MS
Table 7. Spearman correlation coefficient between species mean weight
and depth, calculated for fish species captured during 1994–2005
MEDITS survey series, and whose correlation values were higher than
0.5.
Spearman coefficient
Alepocephalus rostratus 0.56
Argyropelecus hemigymnus 0.60
Chimaera monstrosa 0.76
Etmopterus spinax 0.85
Galeus melastomus 0.90
Helicolenus dactylopterus 0.71
Hoplostethus mediterraneus 0.88
Lampanyctus crocodilus 0.82
Nezumia aequalis 0.87
Phycis blennoides 0.92
Stomias boa 0.63
Trachyrhynchus scabrus 0.74
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rather than the genus level and are considered to be ‘neo-endemisms’, a fact that,
together with their great affinity with Atlantic fauna, reflects their recent nature
(Fredj et al. 1992). Of the 19 endemic species and subspecies, 13 are exclusive to
the continental shelf and the rest are from the slope. The reduction in the number of
endemisms according to depth was observed by Stefanescu (1991), who stated that,
for the entire Mediterranean Sea, deep ichthyofauna (e.g. Catalan Sea) at depths
greater than 1000 m is characterised by very few endemic species. Within the endemic
species, the Gobiidae family is the best represented in the Alboran Sea, with six
species and subspecies. Quignard and Tomasini (2000) suggested that 46% of
Mediterranean endemic species belong to this family, probably due to the fact that
Gobiidae displays the highest number of species in the Mediterranean in comparison
with other families.
Two species recorded in this study have not been reported in the Mediterranean
Sea beyond Cabo de Gata: Galeus atlanticus (Elasmobranchii) and L. sanzoi
(Osteichthyes). The distribution of G. atlanticus extends westward from the Strait of
Gibraltar to the Atlantic coast of the Southern Iberian Peninsula and Southern
Portugal (Rey et al. 2010); in fact, in Spanish waters of the Gulf of Cadiz, G.
atlanticus is a dominant species, in terms of biomass, in several places sampled
between 500 and 600 m depth (Delgado et al. 2013). Its western distribution bound-
ary is off Cabo St. Vicent (southwestern limit of Portugal). There are records of a
specimen preserved from Cabo Espartel and from those of Muñoz-Chápuli and
Ortega (1985) collected from the Moroccan Mediterranean Coast. Eastwards, the
distribution boundary of G. atlanticus is Cabo de Gata. The absence of the species in
the rest of the Mediterranean Sea could be due to the different oceanographic
conditions (Rey et al. 2010). Throughout the Alboran Sea the species shows a
Figure 4. Species rarefaction curves for the fish assemblages within the inner continental shelf
(IS, 30–100 m), outer continental shelf (OS, 100–200 m), upper continental slope (US, 200–
500 m) and middle continental slope (MS, 500–800 m). The x-axis represents the number of
samples for each group.
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heterogeneous distribution: it is fairly common in the central part of the basin in
waters off Malaga and Nerja, and off Alboran Island (east and west), is less common
in the western and easternmost areas of the Alboran Sea and is absent in Cabo de
Gata waters.
L. sanzoi is considered an Atlantic species of recent inclusion in the
Mediterranean Sea (Fredj and Maurin 1987; Quignard and Tomasini 2000). The
distribution is eastern Atlantic (Morocco and Canaries) and western Mediterranean
Sea (Alboran Sea) (Whitehead et al. 1984–1986). High captures of L. sanzoi were
recorded at Gulf of Cadiz stations sampled in April 1996 (Sobrino et al. 1996). Its
absence throughout the rest of the Mediterranean Sea could concur with the hetero-
geneous geographic distribution of this species throughout the northern Alboran Sea
between 30 and 100 m depth, and its recorded absence at Punta Entinas and Cabo de
Gata.
Figure 5. Non-metric multidimensional scaling (nMDS) analyses using fish abundance data
(ind h−1). One- or two-letter labels stand for the sampled location. (a) Inner continental shelf
(30–100 m); (b) outer continental shelf (100–200 m); (c) upper continental slope (200–500 m);
(d) middle continental slope (500–800 m).
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Identified assemblages
We have identified four main assemblages in the northern Alboran Sea corresponding
to the following bathymetric ranges: inner shelf (30–100 m), outer shelf (100–200 m),
upper slope (200–500 m) and middle slope (500–800 m). Their limits are not strict and
often overlap, probably influenced by differences between geographic locations.
Despite continuous faunal renewal along the bathymetric gradient, many marine
environmental studies have established zonation models with boundaries along this
gradient and resulting in different groups of species (Haedrich and Merrett 1990;
Hecker 1990; Stefanescu et al. 1993, 1994; Moranta et al. 1998; D’Onghia et al. 2004).
However, groups do not usually overlap within a given locality (Hecker 1990).
Successive assemblages from the northern Alboran Sea displayed the strongest
differences between the outer shelf and the upper slope. The differences concern not
only abundance and biomass, but also the presence/absence of certain species.
Hecker (1990) proposed a zonation model related to physical and biological factors,
such as seabed physiography and geology, and the availability of trophic resources,
and suggested a continuous faunal renewal along the bathymetric gradient, where
large depth bands with a very low rate of faunal changes alternate with others where
the replacement of some species is more acute. According to this author, changes in
faunistic composition between groups are due to dominant species replacement
throughout the depth gradient. Thus, the inner shelf assemblage (30–100 m) of the
Alboran Sea is characterised by a high abundance of species, including P. acarne, S.
hepatus and B. boops. Higher catches of smaller species (C. aper, G. argenteus and M.
muelleri) were generally made on the outer shelf (100–200 m), which has the highest
abundance values. This depth range is coincident with the edge of the continental
shelf. A study on the physiographic characterisation of Alboran Sea margins showed
that the mean slope of the seabed in the inner shelf (down to 100 m) was 0.5°
(Bárcenas 2002). From this depth to approximately 150 m further down, the shelf
edge is located and characterised by a sharp rise in the slope of up to 4°
(Vázquez 2005), which defines the boundary between the continental shelf and the
beginning of the continental slope. The continental shelf edge is generally an area of
high energy resulting from turbulence caused by fronts separating water masses from
the shelf and the continental slope, which causes an increase in phytoplankton and
zooplankton biomass and results in an important feeding area for large fish (Colloca
et al. 2004). The upper slope (200–500 m) is characterised by a sharp decline in both
the abundance and biomass of species. The dominant species are C. coelorhynchus, H.
mediterraneus and P. blennoides. The lowest mean species weight is recorded on the
upper slope and the outer shelf. The middle slope showed a sharp increase in biomass
compared with the upper slope due to the greater mean weight of some species of this
bathymetric group. This increase is related to the larger size of the most abundant
species from this depth range in comparison with that of other bathymetric assem-
blages (IS, OS, MS). In the middle slope assemblage, certain species (e.g., G. mela-
stomus) tended to increase in size with depth. Galeus melastomus and N. aequalis are
the most abundant species in the middle slope. Our study highlights the high ichthyo-
faunal similarity between samples from the middle slope, compared with those from
the other assemblages.
Several studies on the distribution of fish species throughout the Mediterranean
reveal the existence of zonation patterns (Stefanescu et al. 1994; D’Onghia et al. 1998;
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Moranta et al. 1998; Kallioniotis et al. 2000; Labropoulou and
Papaconstantinou 2000). All of them show the existence of different assemblages
that also differ in their faunistic composition. However, our study reveals that there
are some differences between the Alboran Sea and other Mediterranean areas. In the
Alboran Sea, fish biomass increased significantly from 500 m, whereas this increase
occurs between 800 and 1400 m depth in the Catalan Sea (Stefanescu et al. 1994), or
between 800 and 1200 m on the continental slope of the Balearic Islands (Algerian
sub-basin; Moranta et al. 1998), with a further decrease below those depths.
The increase in biomass from 500 m depth in the Alboran Sea is related to the
dominance of G. melastomus, N. aequalis, T. scabrus and C. monstrosa, much more
abundant in the Alboran Sea than in other Mediterranean areas. The differences in
the abundance of G. melastomus observed between the Alboran Sea and elsewhere in
the Mediterranean have been highlighted by several authors, who conclude that these
differences are caused by the fishing effort which is lower in the Alboran Sea below a
depth of 500 m (Tursi et al. 1993; Massutí and Moranta 2003; Rey et al. 2005). On
the other hand, C. monstrosa – the second chondrichthyan species in terms of biomass
– is relatively common in the Alboran Sea, whereas this species is scarce or absent in
the northern area of the Balearic Islands (Massutí and Moranta 2003), despite a wide
bathymetric sampling coverage (up to 1800 m) and the fact that C. monstrosa lives in
waters up to 1300 m (Lloris 2008). Gouraguine et al. (2011) also recorded few small-
sized specimens in comparison to those from the Alboran Sea in their study around
the continental shelf and the upper slope of Majorca and Minorca (Balearic Islands).
Stefanescu (1991) reported the occasional presence of C. monstrosa in the Catalan Sea
(two individuals in 48 samples). Abundance differences for N. aequalis and T. scabrus
have also been found along the Iberian Mediterranean coast (Moranta et al. 2007).
The authors reveal the decreasing south-to-north trend of these species and pinpoint
the particular oceanographic conditions of the Alboran Sea as a possible cause,
before finally concluding that the impact of fishing exploitation could mask the effect
of abiotic factors. Such abiotic factors may be related to the physiography of the
continental slope. Major faunal changes coincide with changes in the relative inclina-
tion of the slope and the availability of food resources (Hecker 1990). In a study from
1952, Cartes et al. (2013) suggest that small changes in the hydrological conditions
(Temperature, Salinity and dissolved O2) of deep-water masses in the generally stable
environmental deep Balearic Basin can contribute to some significant changes in fish
and crustaceans.
Surveys carried out in the Gulf of Cadiz (Sobrino et al. 1996; Delgado et al. 2013)
and along the northern Iberian slope (Serrano et al. 2011) have shown that
G. melastomus, N. aequalis, and C. monstrosa are very abundant species. Within the
Alboran Sea, these species are distributed differently at Cabo de Gata and in the
eastern part of Alboran Island, where G. melastomus and N. aequalis are less abun-
dant. Chimaera monstrosa is not captured at Cabo de Gata or Alboran Island, and T.
scabrus is not present at Cabo de Gata, with only a few specimens caught at Alboran
Island (García-Ruiz 2012). According to these results and concerning the distribution
of these four species, it appears that the Alboran Sea (excepting Cabo de Gata and to
the east of Alboran Island) shares more similarities with the adjacent Atlantic Ocean
than with the rest of the Mediterranean.
The decreasing number of species with increasing depth recorded in this study
concurs with previous findings in different areas of the Mediterranean (Pérès 1985;
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Stefanescu 1991; Moranta et al. 1998; Kallianiotis et al. 2000; Quignard and
Tomasini 2000; Labropoulou and Papaconstantinou 2000; Emig and
Geistdoerfer 2004) and Atlantic (Fariña et al. 1997; Moranta et al. 1998; Sánchez
et al. 2002). For depths greater than those considered in this study, Moranta et al. -
(1998) indicated a progressive impoverishment along the bathymetric gradient down
to 1800 m in the Balearic Islands (Algerian basin, Western Mediterranean).
Furthermore, Stefanescu (1991) and Stefanescu et al. (1993) also identified lower
species richness in the Catalan Sea between 1000 and 2250 m depth, although it was
more acute in the lower (1425–2250 m) than in the middle (1000–1425 m) slope. This
decline is probably related to the disappearance at around 1000–1200 m of mesope-
lagic fauna that plays a key role in the feeding ecology of demersal species.
Longitudinal distribution
As for geographical distribution, spatial differences between a few species’ distribu-
tions seem to occur within the continental shelf assemblages (inner and outer shelf).
Within the inner shelf, the abundances of some species were significantly differ-
ent, in locations such as Punta Entinas and Cabo de Gata, to other locations in the
same depth range. Capros aper is one of the species that shows major differences in
abundance between localities at depths up to 100 m. It is a very abundant species in
the inner continental shelf (30–100 m), with very high catches during the early years
of the studied series (García-Ruiz 2012) and present at all the sampled locations of
this bathymetric stratum, except Punta Entinas and Cabo de Gata – where this
species is absent. Studies in the Northeast Atlantic suggest that there is a high
correlation with physical and biological factors, in a given year, in the reproductive
strategy of C. aper (Farrell et al. 2012). In that area, recorded increases in abundance
during certain periods have been attributed to variations in the temperature of the
water column (Blanchard and Vandermeirsch 2005). Macroramphosus scolopax is
another species which, like C. aper, has also not been captured in any of the Punta
Entinas or Cabo de Gata samples taken between 30 and 100 m depth. However, our
work shows that both species appear throughout the study area between 100 and
200 m depth. In the northern Alboran Sea, factors affecting the distribution of C. aper
and M. scolopax seem to change at this depth, allowing these species to proliferate at
all the locations sampled.
Other less abundant species share similar spatial distribution at depths up to
100 m: C. maculatus, G. niger jozo, L. sanzoi, S. nigrescens and M. variegatus.
By contrast, two other species (S. smaris and S. maena) have contrasting geogra-
phical distributions in the study area: abundant at Punta Entinas and Cabo de Gata
but totally absent (S. smaris) or very scarce (S. maena) in the remaining locations.
Both species are also abundant elsewhere in the waters of the Iberian Mediterranean
Sea (Garcia-Rodríguez et al. 2011), but scarce (S. maena) or completely absent (S.
smaris) in a survey carried out in the Gulf of Cadiz in April 1996 (Sobrino
et al. 1996). This same survey recorded abundant catches of L. sanzoi at that depth
range – L. sanzoi is absent in the rest of the Mediterranean Sea, as previously
mentioned. Up to 100 m, with the exception of Punta Entinas and Cabo de Gata,
the Alboran Sea is more similar to the Atlantic than to the rest of the Mediterranean
in terms of the distribution of some species. Punta Entinas and Cabo de Gata, on the
other hand, appear to be more similar to the rest of the Iberian Mediterranean Sea.
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From the data available we presume that Punta Entinas and Cabo de Gata areas
could have different characteristics than the rest of the study area because of the
distribution of some species in both locations. These species could be used as indica-
tors of different environmental scenarios. Available data were not sufficient to
explain the differences. Nevertheless, on the basis of the data from RADMED
(Radiales del Mediterráneo) cruises (C. García-Martínez, pers. comm.) some vari-
ables such as temperature, salinity, chlorophyll a, nutrient concentration and micro-
phytoplankton abundances from Cabo de Gata have been compared with other
locations of the study area (Cabo Sacratif; Figure 1). The data were collected during
the 2008, 2009, 2010 and 2011 spring RADMED cruises. Below 40 m, the values of
salinity are higher at Cabo de Gata than Cabo Sacratif. Surprisingly, a clear subsur-
face maximum in the mean microphytoplankton abundance appears at Cabo Sacratif
(at around 10 m), while this expected maximum does not appear at Cabo de Gata.
However, the Cabo de Gata profile of mean nutrient concentration showed much
lower values than at Cabo Sacratif. This could be the underlying reason for the lower
phytoplankton abundances at Cabo de Gata since they sustain lower zooplankton
concentrations. Despite the temporal mismatch between these data and our analysis,
differences in Cabo de Gata and Cabo Sacratif are highlighted. Further investigations
should be carried out to analyse species and environmental data relationships in order
to better understand the dynamics of fish distribution.
This work has also identified differences within the outer shelf assemblage
(between 100 and 200 m). Merluccius merluccius is heterogeneously distributed
throughout the study area and is very abundant in Almeria, Roquetas and Punta
Entinas, but declines sharply from there to Estepona. We note that the geographical
differences only occur in that depth range, without major changes in the other
bathymetric ranges. We have captured this species from 40 to 714 m, but its abun-
dance drops considerably below 300 m. The highest abundances are found between
100 and 200 m depth, which concurs with higher catches of M. merluccius at this
depth interval (100–200 m) in other Mediterranean areas reported by Orsi Relini
et al. (2002) in their work on the distribution of this species – based on MEDITS
surveys conducted between 1994 and 1999. The authors located most of the M.
merluccius breeding areas at this depth interval.
The species M. muelleri is also heterogeneously distributed in the Alboran Sea. In
our study, its distribution range is between 50 and 700 m depth, but the species is
most abundant from 100 to 200 m, with massive catches in Malaga, Marbella and
Fuengirola. At other places or other depth intervals, M. muelleri is captured in small
amounts or not at all. According to Pérez de Rubin (1996),M. muelleri is abundant in
the western Mediterranean, especially in the Alboran Sea where the highest numbers
of eggs and larvae are found in divergence areas with more saline and cooler waters.
In conclusion, this study provides information about the composition and dis-
tribution of fish fauna in the northern Alboran Sea, an interesting area since it
represents a transition zone between the Atlantic Ocean and the western
Mediterranean Sea. The observed four fish assemblages on the continental shelf
and slope seem to be strongly linked to the depth gradient. The comparison of our
results with similar studies carried out in other Mediterranean areas shows the
greatest differences below 500 m. Geographic comparisons along the northern
Alboran Sea highlight some areas with major similarities basically below 200 m.
Longitudinal differences on the fish assemblages occur in the inner shelf assemblages
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(< 100 m) between Punta Entinas–Cabo de Gata and the remaining locations, due to
differences in the distributional range of certain fish species (e.g. C. aper, M. scolopax,
S. smaris). It is necessary to carry out multidisciplinay research in order to relate the
observed patterns to environmental variables and trophic factors that are probably
affecting the dynamics of these fish assemblages.
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